P revious studies [1] [2] [3] of adults have indicated that severe infections are associated with an increased risk of mental disorders. Potential mechanisms include direct influences of infections in the central nervous system, immune activation, and inflammatory mediators, 4,5 as well as alterations in the microbiome. 6 A possible role for infection and inflammation in the pathogenesis of severe mental disorders is also supported by genetic studies 7-9 documenting an increased risk associated with immune-regulatory genes. However, prior longitudinal studies have been based largely on infections requiring hospitalizations and thus reflect risk associated with the most severe infections. Because most childhood infections are treated on an outpatient basis, the possible role of such infections as risk factors for subsequent mental disorders remains an important question. Some studies 5, 10, 11 have indicated that even less severe infections are associated with increased risks for schizophrenia and depression, but these studies had no lifelong information and did not assess all treated infections. Finally, no study to date has investigated the wide range of mental disorders in childhood and adolescence.
The present study aimed to investigate the association between all types of treated infections, defined by hospital contacts for infections and primary and secondary health care prescriptions of all anti-infective agents, and the risk of any treated mental disorder, defined by hospital contacts due to mental disorders and primary and secondary health care prescription for psychotropic drugs. Therefore, we expand previous findings on schizophrenia and affective disorders 1, 2, 12 to explore all types and severities of infections, to include all mental disorders, and to investigate a large study population with information on both exposures and outcome since birth.
Methods

Study Population
We conducted a nationwide register-based cohort study within the entire Danish population (approximately 5.5 million inhabitants) using the Danish Civil Registration System. 13 Information on age, sex, and parents is provided for each resident in Denmark, and the personal identification number enables complete linkage between different registers. For the present study, we identified all individuals born in Denmark between January 1, 1995, and June 30, 2012. Dates of analysis were November 2017 to February 2018. The study was approved by the Danish Data Protection Agency and the Danish National Board of Health and was performed using anonymized data, necessitating no informed consent.
Assessment of Infections
Since 1977, the Danish National Patient Registry has registered all contacts to somatic hospitals, 14 and we identified all hospitalizations for infections since January 1, 1995 (eTable 1 in the Supplement). The Danish National Prescription Registry 15 contains detailed information from all Danish pharmacies on each redeemed prescription since 1995. We identified all redeemed prescriptions for anti-infective agents since January 1, 1995 (eTable 2 in the Supplement), subdivided according to antibacterial, antiviral, antimycotic, and antiparasitic agents. The most frequently used antibiotic agents within our setting were further subdivided into broad-spectrum, moderatespectrum, narrow-spectrum, and topical antibiotics (eTable 3 in the Supplement). 12 All infections were identified in a timevarying manner for each individual, and individuals could have been exposed to several different anti-infective agents.
We expected the majority to have redeemed anti-infective agent prescriptions.
12,16 Therefore, we chose a control group to include individuals who redeemed no prescription for antiinfective agents or who only redeemed prescriptions for penicillin G (Anatomical Therapeutic Chemical [ATC] code J01CE01) and/or antibiotics for topical use (ATC code D06A) because these agents have minimal consequences on the gut microbiome. Individuals were grouped as having redeemed 0 prescriptions until the date of the first prescription for anti-infective agents defined as exposure agents.
Assessment of Mental Disorders
First, we included information from the Danish Psychiatric Central Research Register 17 on all psychiatric inpatient and outpatient contacts since 1995, coded according to the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) since 1994. We identified all of the below-mentioned disorders (with ICD-10 codes) diagnosed in an inpatient or outpatient setting before July 1, 2013.
(1) The first diagnosis of a mental disorder within F20 to F99. We did not include organic mental disorders (F00-F09) because the present study population was very young. Mental and behavioral disorders due to psychoactive substance abuse (F10-F19) were not included because an increased rate of infections before an F10 to F19 diagnosis may reflect more infections due to drug abuse. Furthermore, we identified the first diagnosis within the following specific categories: (2) schizophrenia spectrum disorders (F20-F29); (3) affective disorders (F30-F39); (4) neurotic, stress-related, and somatoform disorders (F40-F49); (5) behavioral syndromes associated with physiological disturbances and physical factors (F50-F59); (6) adult personality and behavior disorders (F60-F69); (7) mental retardation (F70-F79); (8) disorders of psychological development (F80-F89); and (9) behavioral and emotional disorders with onset usually occurring in childhood and adolescence (F90-F99 We included the first-time diagnosis when investigating category (1) (any mental disorder). Regarding the specific diagnoses, we were interested in the first diagnosis for each specific diagnosis, irrespective of other previous psychiatric diagnoses or previous psychotropic drug use.
Second, we used the Danish National Prescription Registry 15 to identify the first redeemed prescription of the following psychotropic medications redeemed before July 1, 2013 (with ATC codes): antipsychotics (N05A), anxiolytics (N05B), antidepressants (N06A), ADHD medications (N06B), and drugs against dependence (N07B).
Follow-up
We followed up all individuals from their first birthday (the exposure was measured since birth, as done in a previous registerbased study 18 ). Follow-up continued until the occurrence of an outcome, death, emigration, or end of the study period on June 30, 2013, whichever occurred first.
Statistical Analysis
We performed Cox proportional hazards regression analyses using age as the underlying timescale (ie, we compared individuals of the same age) and report hazard rate ratios (HRRs), including 95% CIs. All analyses were adjusted for age, sex, Charlson Comorbidity Index,  19 highest parental educational   level,  20 and any parental mental disorder since 1969 (ICD-8 codes 290-315 and ICD-10 codes F00-F99). 17 The parental covariates were identified in a time-varying manner: a child contributed risk time for the group with no mental disorders until the date when 1 of the parents was diagnosed as having a mental disorder, and from this date the child was categorized as having either a father or mother with a mental disorder. Analyses were mutually adjusted for the other infections (eg, analyses on anti-infective agents were adjusted for hospitalizations).
The primary analyses compared (1) individuals with hospitalization for infection vs individuals without hospitalization for infection and (2) individuals with 1 or more redeemed anti-infective agent prescription vs individuals with 0 redeemed anti-infective agent prescriptions. In both analyses, we investigated (1) the risk of hospitalization for any mental disorder and (2) the risk of redeeming a prescription for any psychotropic medication. In secondary analyses on the consequences of treatment with anti-infective agents, we applied different reference groups to explore whether a potentially higher risk may have been due to the small reference group that included only individuals with 0 prescriptions. For these additional analyses, we performed analyses using individuals with 0 to 1 prescriptions, 0 to 2 prescriptions, and 0 to 3 prescriptions as the reference groups. Finally, we explored the risk of specific mental disorders. Individuals diagnosed as having several mental disorders were counted as cases in each of the specific outcome categories.
To explore whether a potential consequence of antiinfective agents could be due to severe infections resulting in hospitalizations, we calculated the risks for all of the abovementioned outcomes among individuals exposed to antiinfective agents, applying hospitalization for infection as a time-dependent variable. Furthermore, we explored the risk pattern depending on (1) the number of hospitalizations and anti-infective agents; (2) the presumed infectious agent leading to hospitalization (ie, bacterial, viral, or other), the specific anti-infective agents (ie, antibiotics, antivirals, antimycotics, or antiparasitics), and the number of redeemed prescriptions for different types of anti-infectious agents; and (3) the time to outcome since the last hospitalization or redeemed prescription. Moreover, we investigated the risks associated with infections during specific ages. Due to the number of analyses performed, we reduced the 2-sided significance level by dividing by the number of performed tests to correct for multiple testing. The Cox proportional hazards regression assumptions were tested based on Schoenfeld residuals and were not violated in any analysis. The Wald test was used to assess linear associations.
Because the association between infections and mental disorders may be due to genetic factors, we performed sibling analyses. For this process, we excluded individuals without siblings born during our study period and performed the above-mentioned analyses stratified by siblings. Finally, to use a completely untreated reference group, we performed analyses without those individuals who only redeemed prescriptions for the control antibiotics (ie, ATC codes J01CE01 and D06A).
Results
We identified 1 098 930 individuals (51.3% male; mean [SD] age at the end of follow-up, 9.76 [4.91] years; range, 1-18 years) born in Denmark between January 1, 1995, and June 30, 2012 (eTable 4intheSupplement) and followed up for 9 620 807.7 personyears (incidence rates are listed in eTable 5 in the Supplement). A total of 42 462 individuals (3.9%) (66.4% male; mean age, 9.5 years at first diagnosis) had a hospitalization for any mental disorder, and 56 847 individuals (5.2%) (60.1% male; mean age, 6.3 years at first prescription) redeemed a prescription for any psychotropic medication.
Infections and the Risk of Any Treated Mental Disorder
Individuals requiring hospitalization for infection had an increased HRR of 1.84 (95% CI, 1.69-1.99) for having a hospitalization for any mental disorder and an HRR of 1.42 (95% CI, 1.37-1.46) for redeeming a prescription for any psychotropic medication ( Table 1) . Infection treated with anti-infective agents was associated with HRRs of 1.40 (95% CI, 1.29-1.51) and 1.22 (95% CI, 1.18-1.26), respectively. Individuals treated for infections with anti-infective agents who were not hospitalized for infections during follow-up still had an increased risk of being diagnosed as having a mental disorder (HRR, 1.34; 95% CI, 1.25-1.44) and for being treated with psychotropic medication (HRR, 1.20; 95% CI, 1.16-1.24). Antibiotics were the anti-infective agents associated with the largest risk increase in mental disorders (Table 1) , whereas antivirals and antimycotics did not increase the risk estimates. The findings regarding anti-infective agents were significant with all reference groups ( Table 2) . Additional analyses within different age groups (1 to 6 years, >6 to 12 years, and >12 to 18 years) supported the primary findings (eTable 5 and eTable 6 in the Supplement). We found increased risks for mental disorder associated with treated infections within different age groups, but no clear pattern or specifically vulnerable age group emerged (eTable 6 in the Supplement).
The risk of mental disorders increased in a dose-response association depending on the number of treated infections (Table 2 and the Figure) and the number of different antiinfective agents (eTable 7 in the Supplement), with the risks being most elevated among those with prior hospital contacts due to infections (Figure) . Furthermore, the results were associated with time since the last hospitalization for infection, with highest risks immediately after the infection and with risks remaining increased up to 10 years after the last treated infection ( Table 3) . Table 4 summarizes the associations between treated infections and specific diagnostic categories of mental disorders.
Infections and the Risk of Specific Mental Disorders
A total of 10 537 individuals received more than 1 mental disorder diagnosis. In particular, the risks were increased for schizophrenia spectrum disorders, OCD, personality and behavior disorders, mental retardation, ASD, ADHD, ODD/CD, and tic disorders. The results for anti-infective agents were higher among individuals with prior hospitalizations due to infections and increased in a dose-response association.
Sensitivity Analysis
A total of 821 346 siblings were included for sibling analyses, of whom 30 785 (3.7%) were hospitalized for any mental disorder and 43 183 (5.3%) were treated with psychotropic medication. Hospitalization for infection was associated with an increased risk of hospitalization for any mental disorder (HRR, 1.21; 95% CI, 1.16-1.27) and for treatment with psychotropic medication (HRR, 1.17; 95% CI, 1.14-1.19) compared with siblings. Antiinfective agents were also associated with increased risks for hospitalization for any mental disorder (HRR, 1.16; 95% CI, 1.07-1.26) but not for treatment with psychotropic medication (HRR, 0.97; 95% CI, 0.93-1.01). Additional analyses are presented in the eResults in the Supplement.
Discussion
This nationwide register-based cohort study, including all individuals up to age 18 years born in Denmark between 1995 and 2012 (N = 1 098 930), represents the most detailed assessment to date of the association between all treated infections from birth to late adolescence and the subsequent risk of any increased risk of use of any psychotropic medication, whereas infection treated with anti-infective agents was associated with increased risks of 40% and 22%, respectively. These risks increased in a dose-response association with the number of infections and the temporal proximity of the last infection and were supported by analyses that included different reference groups and sibling analyses. However, the risk estimates were still significant but attenuated in the sibling analyses, indicating that our findings should be interpreted in light of other important confounding factors, such as genetic, familial, and socioeconomic factors. A detailed assessment showed that the risks differed among specific mental disorders, being most elevated for OCD, mental retardation, and tic disorders.
Infections and Mental Disorders
Prior studies have mostly investigated hospitalization for infection [1] [2] [3] [4] (ie, severe infections) and did not have information regarding exposure and outcomes since birth and only included specific severe mental disorders. [1] [2] [3] [4] 12 Few studies 5, 12 have suggested that even less severe infections treated in the primary care sector were associated with an increased risk of specific severe mental disorders. To our knowledge, the present study is the first to indicate that any treated infection, including less severe infection, is associated with an increased risk of a wide range of childhood and adolescent mental disorders.
Implications for Pathogenesis
Several pathogenetic mechanisms might explain our findings. First, the infection per se may influence the brain and thus result in an increased risk of mental disorders. Several studies have indicated that infective agents can cross the blood-brain barrier by both active 21 and passive 22 transport,
suggesting that even peripheral infections may alter the central nervous system. This possibility is supported by our findings showing that the risks of mental disorders increased with the amount and severity of the treated infections. Second, it has been suggested that anti-infective agents influence the gut microbiome and result in a disturbed microflora of the gut. 6 These disturbances may alter the brain (eg, via the vagus nerve 22 or alterations in the blood-brain barrier 23 ) and hence result in an increased risk of mental disorders. Third, genetic studies have indicated associations between mental disorders and genes of the immune system 7 and specifically the innate immune system. 8,9 Therefore, it is possible that some of our findings are a reflection of an increased genetic susceptibility to infections. However, our results on siblings suggest that infections themselves are contributing to the risk above and beyond genetic susceptibility. Nonetheless, because our study was population based and the sibling analyses attenuated the risk estimates, other confounding factors, such as environmental or familial factors and help-seeking behavior, may at least partly explain our findings.
Strengths and Limitations
The population-based setting and well-validated nationwide registers strengthen our findings. [13] [14] [15] 17, 19, 23, 24 The present study is the first to date with the ability to prospectively follow up a nationwide sample with full information since birth regarding exposure (all types of treated infections), outcome (any treated mental disorder), and important covariates (age, sex, somatic comorbidity, and parental education and mental disorders), still representing a relevant study population for the investigated outcomes. Anti-infective agents have been used as a proxy for infections in previous studies investigating the risk of somatic diseases 25-27 and mental disorders. 12 In addition, we performed sibling analyses and applied 4 different reference groups with different exposure degrees to anti-infective agents, all supporting our findings. Our study had some limitations. First, we only had follow-up to a maximum of age 18 years because the Danish National Prescription Registry has complete coverage since 1995. Hence, we were only able to investigate childhood and adolescent mental disorders with, for example, early onset of schizophrenia spectrum disorders and affective disorders or of adult personality and behavior disorders. This situation may explain why we found no significant associations with affective disorders in contrast to a previous study.
2 The long-term risk of mental illness should be interpreted with caution due to the shorter follow-up period herein than in previous studies. Second, antibiotics are often prescribed for nonbacterial infections (eg, viral infections 28, 29 ), with overprescription of antibiotics being high but most prominent among adults older than 18 years. 29 Nevertheless, anti-infective agents are not prescribed without clinical symptoms of an infection.
28,29
Third, a meta-analysis 28 indicated that antibiotic compliance is low, with 62.2% completing an antibiotic treatment regimen. Hence, we assumed that all individuals treated with antiinfective agents had an infection, but we could not unequivocally determine what the type of infection was or whether the observed risks were due to the infection or the possible influence of anti-infective agents. Fourth, we were unable to include mental disorders treated nonpharmacologically in the primary care sector and infections not treated pharmacologically or treated with, for example, acetaminophen, which is available over the counter and used for other indications. Fifth, detection bias may have occurred at the time of the infection; however, our findings were still significant several years after the last treated infection, thus minimizing this limitation. Sixth, frequent medication use may be a proxy for factors like social deprivation, parental anxiety, and urbanicity, indicating residual confounding. Nevertheless, we adjusted for important social factors in a time-varying manner, allowing adjustment for changes in these factors during childhood and adolescence. Adjustment for these variables is also a good indicator of the socioeconomic status of a child, and they have been applied in previous studies 1,2,12 based on Danish register data.
Sixth, sibling analysis can control for shared environmental and genetic confounders; however, estimates might be more severely biased by nonshared confounders and measurement error.
30
Conclusions
This study found associations between any treated infection and increased risks of all treated childhood and adolescent mental disorders, with the risks differing among specific mental disorders. These findings might be explained by direct influences of infections, genetics, or disturbances of the microbiome; however, due to the study design, other confounding factors need to be considered when interpreting our results. A better understanding of the role of infections and antimicrobial therapy in the pathogenesis of mental disorders might lead to new methods for the prevention and treatment of these devastating disorders. 
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